into prostaglandins, prostacyclin, and thromboxane (Ku et al., 1985; Beck et al., 2003; Inan et al., 2006) . COX also catalyzes the rate-limiting step in the formation of prostaglandins from arachidonic acid and is the pharmacological target of NSAIDs. In the brain, COX-2, the inducible isoform of COX, is selectively expressed in neurons of the cerebral cortex, hippocampus, and amygdala (Andreasson et al., 2001 ). Similar to the therapeutic effect, the side effects of NSAIDs depend on the isoforms of COX that they preferentially or selectively inhibit. Complications have been described for most nonselective COX inhibitors but have increasingly been reported for selective COX-2 inhibitors (Ostensen and Skomsvoll, 2004) .
There is very little information concerning the effects of DS on the development of the central nervous system (CNS) A developing embryo is exposed to side effects of diclofenac sodium (DS), a commonly used non-steroidal anti-infl ammatory drug, since women may incidentally become pregnant while receiving DS therapy. Several adverse effects of DS have been clearly established. However, the effects of prenatal exposure to DS on the developing cerebellum especially are unclear for granular cells. In this study, we investigated the total number of granule cells in the cerebellum in control and DS-treated groups of male rats using the optical fractionator technique. DS (Voltaren, 75 mg/3 ml) in a dose of 1 mg/kg daily was intraperitoneally injected in the drug-treated group of pregnant rats beginning from the 5th day after mating during pregnancy for 15 days. Serum physiological at 1 ml/kg dose was injected in the control group of pregnant rats during the same period and the same way. Male offspring were obtained after delivery, and each group was divided two subgroups that were 4-weeks-old (4W-old) and 20-weeks-old (20W-old). Our results showed that there was no signifi cant difference not only between the 4W-old DS-treated rats and the 4W-old control group but also between 20W-old DS-treated rats and the 20W-old control group. These results suggest that the development of the granule cells in the male cerebellum may not be affected during either in the early or late life of an animal following administration of DS during the prenatal period. (Kudo et al., 2003) . Recently, we reported that DS has neurotoxic effects on hippocampus development in rats following administration of DS during the prenatal period . To our knowledge, the effect of DS on the number of rat cerebellar granule cells has not yet been clearly established. Therefore, in the present study we investigated the effects of DS on the number of granule cells in the rat cerebellum following administration of DS in the prenatal period using unbiased stereological methods.
Material and methods
Female albino rats were obtained from the Surgical Research Center. The rats, weighing between 150 and 200g, were mated overnight and maintained in our laboratory under controlled environmental conditions (an air-conditioned room, room temperature 20±1 ºC and under a 12 h light/dark cycle). They were fed ad libitum and kept in separate standard plastic cages. Female rats were accepted as pregnant rats when a vaginal plug was found, and divided into drug-treated and control groups after the mating day. A daily dose of 1 mg/ kg of DS (Voltaren, 75 mg/3 ml ampule, Novartis, Mefar Ilaç Sanayi A.S., Kartal-İstanbul, Turkey) was intraperitoneally injected in the drug-treated pregnant rat group beginning from the 5th day after mating during pregnancy for 15 days. Serum physiological at 1 ml/kg dose was intraperitoneally injected in the pregnant control group rats at the same period and the same way. After spontaneous delivery, male offspring were obtained and separated into two groups (drug-treated and the control). They were marked by branding on their body and again by coloring with picric acid, and fed for 4 and 20 weeks.
At the end of the 4 th and 20 th weeks, the animals were anaesthetized with urethane (1.25 g/kg) and perfused through the left cardiac ventricle with 10% neutral-buffered formalin. After the skull was opened, the head was immersed in 10% formalin and fixed for 24 hours at 4°C. Afterwards, the cerebella were dissected out and stored in 10% formalin for 10 days at 4°C. After being rinsed in tap water for 12 h, the cerebella were dehydrated in an alcohol series and embedded in paraffin for sectioning. The paraffin sections of the cerebellum were cut into serial sections of 40-µm thickness in the coronal plane via a rotary microtome (Leica RM 2135, Leica Instruments, Nussloch, Germany). Sections were obtained using the disposable metal microtome blades (Type N35, Feather Company, Osaka, Japan) with a cutting (knife bevel) angle of about 5°. The sections were mounted on gelatine-formaldehyde mixture coated glass slides and stored for 24 h at 37°C in a thermostatically controlled oven and later stained with cresyl violet (0.1%). All experiments described in the present study were conducted according to institutional guidelines. The Animal Experiments and Ethic committee of Suleyman Demirel University approved the protocol, and appropriate measures were taken to minimize pain or discomfort.
Stereological analysis Estimation of total number of neurons
The optical fractionator counting method was used to obtain the total number of neurons. Based on a pilot study, we decided to select every 6 th section through a set of consecutive sections from each cerebellum. Choosing the first section was done randomly within the first 6 sections for each animal and every successive 6 th section was collected from the series, which means a 1/6 section-sampling fraction (ssf). When using the optical fractionator method for cell counting, about 15-20 sections from each cerebellum are known to be adequate to estimate the total number of neurons (Gundersen and Jensen, 1987; West et al., 1991; Tunc et al., 2006; Tunc et al., 2007) . Therefore, 15-20 sections were obtained for each cerebellum. Section sampling was begun from a random point and (between 1 and 6) alternate sections were collected as reserves. The counting frame size was 155 µm 2 , the area sampling fraction (asf) was 155µm 2 /202,500 µm 2 , and the thickness sampling fraction (tsf) was 10µm/35µm for granule cells. Details of the counting procedure are summarized in Table 1 . The granule cells which are the widest profile of the nucleus that comes into focus were counted. The estimated total number of neurons was calculated from the number of counted neurons and the sampling probability (Gundersen, 1986) . The total number of neurons was estimated according to the formula given below:
where ∑ Q represents the total number of neurons counted in all optically sampled fields of the cerebellum; ssf is the section sampling fraction (1/6); asf is the area sampling fraction (155/202,500); and tsf is the thickness sampling fraction (defined by disector height (10 µm) divided by the estimated mean section thickness) (West et al., 1991) .
Coefficient of variation and coefficient of error
The precision of the estimations was calculated as described by Gundersen and Jensen for the coefficient of variation (Gundersen and Jensen, 1987) and Schmitz for the coefficient of error (Schmitz, 1998; Schmitz and Hof, 2000) . The coefficient of error (CE) of the sampling schedule of the cerebellum was validated from a pilot study as stated before (CE must be ≤10%). It is also possible to estimate the coefficient of variation (CV) within the cerebellum in each group. This is valuable data to see whether the number of subjects in each group is sufficient. sections were collected as reserves. The counting frame size was 155 µm 2 , the area sa fraction (asf) was 155µm 2 /202,500 µm 2 , and the thickness sampling fraction (ts 10µm/35µm for granule cells. Details of the counting procedure are summarized in T
The granule cells which are the widest profile of the nucleus that comes into focu counted. The estimated total number of neurons was calculated from the number of c neurons and the sampling probability (Gundersen, 1986) . The total number of neuro estimated according to the formula given below:
where Q represents the total number of neurons counted in all optically sampled field cerebellum; ssf is the section sampling fraction (1/6); asf is the area sampling (155/202,500); and tsf is the thickness sampling fraction (defined by disector height ( divided by the estimated mean section thickness) (West et al., 1991) .
The precision of the estimations was calculated as described by Gundersen and Jensen coefficient of variation (Gundersen and Jensen, 1987) and Schmitz for the coefficient (Schmitz, 1998; Schmitz and Hof, 2000) . The coefficient of error (CE) of the sa schedule of the cerebellum was validated from a pilot study as stated before (CE mu %10). It is also possible to estimate the coefficient of variation (CV) within the cerebe each group. This is valuable data to see whether the number of subjects in each g sufficient. In Table 1 , the mean coefficient of variation for each group and the coefficient of error for stereological estimation of the number of neurons and stereological parameters were given. Table 1 . The mean values of coefficient of error (CE) and coefficient of variation ( stereological analysis of total granule cell number in the male cerebellum of 4W-o 20W-old groups are given. The mean disector particle and sampled section numb section thickness for each group is also seen. In Table 1 , the mean coefficient of variation for each group and the mean coefficient of error for stereological estimation of the number of neurons and other stereological parameters were given.
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Stereological equipment
Stereological analyses were performed at a stereology workstation, the Department of Histology and Embryology, Gaziosmanpasa University Medical Faculty (Tokat, Turkey). It consisted of a modified light microscope [a 100× Leica HCX Plan Apo objective; numerical aperture (NA) =1.35] and a motorized specimen stage for automatic sampling (Ludl Electronics; Hawthorne, NY, USA), electronic microcator (Heidenhain, Traunreut, Germany), CCD color video camera (HV-C20AMP; Hitachi, Tokyo, Japan), and stereology software (StereoInvestigator; MBF Biosciences, Williston, VT, USA).
Sampled sections were viewed to identify the nuclei of granule cells using a 100× Leica HCX Plan Apo objective; numerical aperture (NA) =1.35. Determining the localization of each granule cell nucleus within the z-axis, the microcator (Heidenhein, Traunreut, Germany) with a resolution of 0.1 µm was used. Oil immersion (Leica Microsystems Wetzlar GmbH, Wetzlar, Germany) with a refractive index = 1.518 at 23°C was used for this measurement. The position of each granule cell nucleus in the disector volume probe and the measurement of the section thickness were determined by focusing in one direction from the upper to the lower section surface. All granule cells were counted; with the widest diameter of the nucleus that came into focus within optical disectors systematically-randomly spaced throughout the delineated regions (Tunc et al., 2006; Tunc et al., 2007) . The distance from the upper surface to the lower surface was taken as the section thickness for the site of the disector probe (Gardella et al., 2003; Baryshnikova et al., 2006) .
Statistical analysis
All data were expressed as means ± standard errors of the mean (SEM) for each group. Comparisons between the various morphometrical measurements of the cerebella of the groups were carried out using the Mann-Whitney U test. When the variances in the population are not equal, the nonparametric test must be used. In this study, the variances were not homogeneous and the compared groups were independent so we used the Mann Whitney U test. In addition, neuron number variables are discrete variables, and each one includes five observations so the expected population's distribution is not normal; normal distribution is another important assumption of parametric tests. If parametric test assumptions are not available, then nonparametric tests should be used for statistics. Mean values were considered to be significantly different when P<0.05.
Results

Histopathological observations
No granular cell loss in the 4W-old DS-treated group can be seen as easily corresponding to the control group (Fig. 1) .
The histological appearance of the cerebellum of male rats exposed to DS and saline during prenatal life and the investigated postnatal 4W-old and 20W-old cerebellum of male rats are shown in Figures 1A, 1B, 1C , and 1D.
Total number of granule cells in the cerebellum
Granule cell numbers in the cerebellum were estimated in the two main groups (the drug-treated and the control groups). Each main group was divided into two subgroups: 4W-old and 20W-old. No significant cell loss of the total number of granule cells in 4W-old and 20W-old groups was found for the drug-treated group and the control group (P>0.05) (Fig. 2) .
If the granular cell number in the cerebellum is compared on based on their ages, there were no significant difference between 4W-old and 20W-old control groups and also between 4W-old and 20W-old drug-treated groups (Fig. 3) . The mean values of coefficient of error (CE) and coefficient of variation (CV) of stereological analysis of total granule cell number in the male cerebellum of 4W-old and 20W-old groups are given. The mean disector particle and sampled section numbers and section thickness for each group is also seen.
That means total cell number in the granular layer of cerebellum of male juvenile and adult rats were not changed by ages.
Discussion
NSAIDs have been used for many years for analgesic, antiinflammatory, and antipyretic purposes. In spite of the wide therapeutic indications of NSAIDs, they have several side effects, such as gastrointestinal damage, nephropathies, skin rashes, and hepatitis (Yakushiji et al., 1992; Russell, 2001; Kudo et al., 2003) . Women of reproductive age use NSAIDs as the treatment of choice in primary dysmenorrhea and intrauterine contraceptive device-induced dysmenorrhea. They can be used for effective control of menorrhagia, preterm labor, and polyhydramnios, and to prevent preeclampsia. (Dawood, 1993; Chan et al., 2001) .
Women may incidentally become pregnant while receiving NSAID therapy since more than half of all pregnancies are unintended or unplanned (Bitto et al., 1997; Chan et al., 2001) . Therefore, the developing embryo is exposed to side effects of DS since there is evidence of good placental transfer of DS in humans (Siu et al., 2000) . Recently, a case of severe pulmonary hypertension and transient right-sided hypertrophic cardiomyopathy was described in a neonate, caused by premature closure of the ductus arteriosus after short-term maternal use of DS (Siu and Lee, 2004) . Similar to this case, studies of diclofenac-induced teratogenicity were reported during organogenesis (Chan et al., 2001; Siu and Lee, 2004) ; however, little is known about the effects of NSAIDs on the development of the CNS (Kudo et al., 2003) . It has been speculated that DS may affect the development of the CNS and induce malformations, including CNS abnormalities, when given in the first trimester (Chan et al., 2001; Kudo et al., 2003) , since DS readily passes the placenta in the first trimester of human pregnancy (Siu et al., 2000) . However, researchers have also reported that use of NSAIDs during pregnancy does not seem to increase the risk of adverse birth outcome but is associated with increased risk of miscarriage (Nielsen et al., 2001 ).
Laboratory studies have shown that DS has teratogenic and postnatal effects in rat embryo models (Carp et al., 1988; Siu et al., 2000; Gokcimen et al., 2007) . Experimentally, embryonic development is inhibited by diclofenac when given on gestation day 5. It was shown that diclofenac is toxic at a high concentration of 75 μg/ml to rat blastocysts and causes embryo growth retardation at a concentration of 40 μg/ ml (Carp et al., 1988; Chan et al., 2001) . Researchers have demonstrated that DS exerts direct teratogenic effects on rat embryos. In Chan et al.'s study (2001) , rat embryos were cultured in vitro from gestational day 9.5 to 11.5, which is the critical period of organogenesis in the rat, equivalent to 3-6 weeks after fertilization in human embryos (Chan et al., 2001) . The researchers showed that DS demonstrates teratogenic effects in rat embryos at a relatively low concentration (7.5 μg/ml) and observed significant effects on organogenesis when rat embryos were exposed to ≥ 7.5 μg/ml of DS. Studies also showed that the caudal neural tube and hind limb buds were particularly vulnerable to high DS concentrations (7.5 and 15 μg/ml) (Chan et al., 2001) . Recently, we reported a study that investigated DS-induced alterations in the rat hippocampus . In this study, DS in a dose of 1 mg/kg daily was intraperitoneally injected in pregnant female rats beginning from the 5th day after mating during pregnancy for 15 days. After delivery, offspring hippocampi were examined at the end of the 4th and 20th weeks. A pronounced neuron loss was observed in the drug-treated group. Therefore, we speculated that administration of DS during the prenatal period can interfere with the normal life of the neuron in the rat hippocampus. This may be attributed to the neurotoxicity of DS on the developing hippocampal formation .
In the present study, we conducted another experimental histological study using unbiased stereological methods upon the granular layer of the rat cerebellum following administration of DS during the prenatal period. Significant results were observed; these are the first reported results using an unbiased stereological technique to investigate DS-induced alterations in the rat cerebellum. First, a significant granule cell loss was not found in the 4W-old and 20W-old drug-treated rat cerebellum compared to their control groups. This means that the developing cerebellum especially granular cells may not be susceptible to the neurotoxic effects of DS during the animals' early and late postnatal lives. The tissue concentration of DS is higher than that in maternal plasma, indicating that it may accumulate in fetal tissue with time (Siu et al., 2000) , DS may well reach the teratogenic (Chan et al., 2001) as well as toxic level in the rat cerebellum. Our previous results showed that the Purkinje cells in the offspring of diclofenac sodium-treated rats were significantly decreased in comparison of the cells of the control animals. In the postnatal life it is well known that very active cellular proliferation and migration take place in the external granular layer (EGL) in the rat cerebellum after the birth. EGL is eliminated at the postnatal life (Sotelo, 2004) .
The exact teratogenic mechanism of DS is still being investigated (Montenegro and Palomino, 1990) . Some studies postulated that cellular death with NSAIDs (such as aspirininduced malformations) is secondary to disturbed blood supply, which is a consequence of transient vasoconstriction due to the inhibition of synthesis of vasodilator prostaglandins (Klein et al., 1981; Chan et al., 2001) . Therefore, the teratoJournal of Experimental and Clinical Medicine 29 (2012) 52-57 Fig. 3. A comparison of the total number of neurons in the cerebellum between the 4W-old control and 20W-old control groups; and also between the 4W-old drugtreated and 20W-old drug-treated groups. There were no significant differences between groups, (Mean ± SEM).
genic effects of DS may be similar to those of aspirin because these NSAIDs have similar mechanisms of pharmacological action (Chan et al., 2001 ). In addition, the teratogenic effects of DS are likely associated with the ability of the phenylacetic acid derivative to compete with arachidonic acid for binding to COX, resulting in decreased prostaglandin formation (Small, 1989; Vane, 1996; Liu et al., 2005) . Researchers have also suggested that DS treatment may induce the peripheral or central release of an opioid-like substance (Papworth et al., 1997; Liu et al., 2005) . Researchers have sought to better understand the action mechanisms of DS, in the hope that our results may be clearly discussed (Liu et al., 2005) .
Our previous results suggest that the Purkinje cells of a developing cerebellum are affected by administration of DS during the prenatal period . On the other hand in the present study we failed to find similar results for granular cells of the cerebellum. This discrepancy would be explained by the formation time of two type cells, since most of Purkinje cells are formed in the early and late embryonic life (Altman, 1972a) , but granular cells is formed in the late embryonic and early postnatal life of animals (Altman, 1972b) . That means while prenatal DS exposure decreased the number of Purkinje cells in the cerebellum, but it does not affect the number of granular cells at the same period. We failed to compare our findings with a wide variety of studies since no experimental study in the literature used a stereological method to investigate the effects of DS on the number of granular cells in the rat cerebellum was found.
Second, with animals' age, there is no significant changing in the number of granule cells with age i.e. no difference of cerebellar granular cell number between 4W-old and 20W-old rat. This biological comment was true for both the control and drug-treated groups.
In conclusion, our results show that the cerebellar granular layer of the male rat is very dynamic and prenatal exposure of saline and DS does not affect the granular cell number. The cell number also does not change with age. It should be kept in mind that to answer real reason of unchanged granular cell number in the male rat is required further investigations at different developmental periods and different dosages of pre or postnatal DS administration.
